SUMMARY Neurological deterioration sometimes follows removal of cerebro-spinal fluid by lumbar puncture below a spinal block caused by a tumour. Experience has shown that similar impaction of a spinal intradural tumour may occur following the draining of hydrocephalus. We have used the term "upward spinal coning" to describe this and report four cases in which impaction of an intradural metastasis occurred when the obstructive hydrocephalus caused by the primary intracranial tumour was relieved. The possible mechanisms are discussed. Awareness of the syndrome is important for early diagnosis and treatment and motor power should be assessed regularly following the relief of hydrocephalus caused by a tumour known to seed in the spinal subarachnoid space.
The herniation of neural elements between the cranial compartments in response to increased pressure in one compartment is a well-defined concept in neurosurgery. Cushing' drew attention to the "dislocation downward into the foramen magnum" when discussing the consequences of increased intracranial tension of the medulla, while two years later Collier2 used the term "pressure cone" to describe cerebellar tonsillar herniation. In At the age of 13 years, this girl underwent a near total excision of a medulloblastoma followed by radiotherapy. She did well for five years and then returned with clinical and CT scan evidence of a fourth ventricular recurrence, associated with moderate hydrocephalus. At reexploration dense adhesions prevented adequate tumour resection and after a few days' relief, the headache and vomiting returned. A further CT scan confirmed the persistence of hydrocephalus and so a ventriculoperitoneal shunt was inserted with immediate resolution of her symptoms. However, on the third post-operative day (when her mobilisation was commenced) it became obvious that she was having difficulties in walking and examination showed a mild paraparesis and hyper-reflexia. A cause of brainstem failure. It soon became apparent that a lumbar puncture could be disastrous in cases of space-occupying lesions by increasing the pressure gradients that favour cerebral herniation. An "upward cone" is also recognised intracranially when an expanding posterior fossa mass causes herniation into the tentorial notch with brainstem compression and this process can be encouraged by withdrawing CSF from the lateral ventricles.67 Similar mechanical considerations may be thought to apply to the acute cord dysfunction that occurs when a CSF shift by lumbar puncture or relief of hydrocephalus causes a spinal extra-medullary tumour to impact against the neural elements. We have termed this process spinal coning" and consider that it can be either downward following a spinal tap or, as in the four cases described above, upward when the ventricles have been drained. Elsberg8 explained aggravation of the neurological disturbance of an extra-medullary spinal growth after lumbar puncture as being due to removal of the buffer of spinal fluid between the tumour and the spinal cord, allowing one to fall against the other. The role of movement in the aetiology is supported by personal observations made by one of the authors of this communication (RDH). At a lumbar laminectomy for a large neurofibroma, the dura was opened and the tumour could be seen through the arachnoid occupying the upper half of the exposure. When the arachnoid below the tumour was incised there was, along with a brisk flow of CSF, a downward movement of the tumour by about 1-5 cms. A similar event occurred during a laminectomy for a dorsal neurofibroma but not surprisingly the movement observed was less: 2-3 mm.
While alteration of the CSF pressure gradient across the spinal tumour would appear to be the most important factor in its shift and impaction, movement of the cord itself may also contribute. Although anchored by the dentate ligament, the cord has a small range of mobility expressed during flexion-extension movements of the head and spine9 and deep breathing.' Hydrocephalus causes some caudal movement of the brainstem and cord0-'2 and reduction of the ventricular size by draining could conceivably result in a small upward movement of the cord. This, in turn, could lead to venous obstruction of both the tumour and the segment of the cord to which it is affixed causing swelling of both structures and increasing the degree of compression.
The four patients we have described all presented with obstructive hydrocephalus due to tumours with a known predilection to seed within the spinal subarachnoid space, although only one (Case 3) had any symptoms referable to the spine at presentation. However, following relief of the hydrocephalus-by excision of tumour in Cases 2 and 3 and by a ventriculoperitoneal shunt in Cases 1 and 4-the occult spinal metastases became clinically manifest.
Other explanations for the sudden deterioration of these patients such as coincidence, failure to appreciate clinical evidence of cord compression pre-operatively and accidents that occurred during surgery are all difficult to support. In Cases 2 and 4 there was a slowness to recognise the symptoms and signs of cord compression but this was after surgery in patients whose consciousness level before operation (as in Cases 1 and 3) had allowed a detailed neurological examination. The different operations performed (two posterior fossa explorations in the sitting position and two shunt insertions with the patients supine) make a single local surgical event unlikely. Certainly, intradural spinal tumours can present acutely but this is most unusual and the 389 group.bmj.com on June 21, 2017 -Published by http://jnnp.bmj.com/ Downloaded from striking coincidence in all four cases seems to be the onset of cord compression within at the most three days (Case 4) of their operation.
A variety of cerebral and cerebellar tumours can be complicated by spinal metastases'3 but the most important are medulloblastomas,'4 '5 fourth ventricle ependymomas,'6 17 and pineal tumours;'8 '9 as these neoplasms also usually cause obstructive hydrocephalus, the syndrome of upward spinal coning following relief of hydrocephalus will most often be associated with them. Although it is of obvious importance to recognise this syndrome, it must remain a rare complication and the lack of symptoms indicating spinal disturbance in three out of four cases points to the difficulties of making a preoperative clinical diagnosis. The multiplicity of the spinal secondaries in our cases appeared to contraindicate direct surgery and only Case 3 underwent a decompression, the rest being referred for primary irradiation. Case 4 has made a good recovery from this approach.
The syndrome of upward spinal coning is caused by impaction of a spinal secondary when the obstructive hydrocephalus associated with the primary intracranial tumour is relieved. There will not usually be any clinical clues enabling prediction of this complication before cranial surgery but awareness of the syndrome and clinical vigilance-with repeated testing of motor power-after relieving hydrocephalus due to third and fourth ventricular tumours should result in early recognition and treatment.
